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Effects of Waterhyacinth Cover on Water Chemistry, Phytoplankton, and Fish in Ponds’

Charles McVea?? and Claude E, Boyd?

ABSTRACT

Waterhyacinth [Eichhornia crassipes (Mort.) Solms] cover of 0,
5, 10, or 25% surface was established in fertilized ponds stocked
with the fish, Tjlapia aurea (Steindachner), at Auburn, Alabama.
Measurements of water chemistry, phytoplankton density, and fish
production were made during the 1973 growing season,

Phytoplankton production was less in ponds with 10 and 25%
cover by waterhyacinth than in ponds with 0 and 5% cover. Com-
petition of waterhyacinth with phytoplankton involved shading
and removal of phosphorus from the water.

Concentrations of dissolved oxygen were lowest in ponds with
25% cover, but oxygen tensions in all ponds were adequate for
survival and growth of fish.

Reduction in phytoplankton growth in ponds with 10 and 25%
cover resulted in much lower fish production. The presence of 5%
cover by waterhyacinth did not significantly affect fish production.

Additional Index Words: aquatic weeds, plant competition.

Catastrophic consequences of rampant growth for Eich-
hornta crassipes (Mart.) Solms (waterhyacinth) in fresh-
water habitats are well known. Extensive stands of water-
hyacinth impede navigation, interfere with hydroclectric

generation, reduce flow in drainage and jrrigation canals,
cause floods, and harbor insect vectors of human and
animal discases (11, 19, 22, 24). Water losses are greater
from surfaces coverzd by waterhyacinth because of high
rates of evapotranspiration (7, 14, 19, 22, 2 ). Water-
hyacinths also interfere with fish production and fishing
(13, 16). Cover by waterhyacinth decreases phytoplank-
ton production by shading and thereby reduces the food
base for fish production (4, 11, 13, 15). Water beneath
mats of waterhyacinth usually has low oxygen tension
and is an unfavorable habitat for fish (16). However, the
amount of cover by waterhyacinth necessary for adyerse
cffects on fish produciton is not known.

The present investigation concerns the effect of various
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phytoplinkton production, and water guality,

MATERIALS AND METHODS

Treatment replication and control was achieved by use of 12
0.0+ -ha ponds at the Fisheries Research Unit, Auburn University,
Auburn, Ala, Depths of water averaged 0.9 m and varied from 0.3 m
near edges to 1.5 m at the deepest points, Waterhyacinth was con-
tained within bouyant rectangular frames made of 5.1-cm poly-
vinylchloride pipe an -l attached to metal posts in center of ponds
(29). These enclosures measured 3.18 m by 6.36 m,-£.50 m by 9.00
m, and 7,12 m by 1421 m (o correspond to 5, 10, and 25% of

Table 1-Total dry matter production and N and P uptake by
waterhvacinth at three levels of cover in 0.04-ha ponds

. Nutrient uptake
Cover by

waterhyacnth

Dry matter production Nitrogen  Phosphorus

o ku/m?' ———— kg/enclosure® —0

5 2584 522 0914 O.11a
1o 91.8b 1.37h 0,200
25 201 .8 257 0.36¢

* Vialues having the same letter in cach column are not significantly different at the
5% level, as indicated by Duncan’'s Muttiple Range Test,

Table 2—-Averages for pH and concentrations of soluble inorganic P,
tota! P, nitrate, and chemical oxygen demand (COD} in waters of
0.04-ha ponds with four different levels of waterhyacinth cover

Percent Datee
Measure- cover by .
ment waterhyacinth |7 May 15 June 14 July 3 Aug 17 Aug. 7 Sept.
phi 0 8.3ab 9.1a 8.8ib 784 8.7 ERP
h K.8a 7.3b 9.7 7.3b 914 8.2h
10 8.2ab 7.1b Bodbe 700 7:4b 7.9h
25 7.5b 7.5b 7. 6.8¢ 7.0b 7.0¢
PO,-P 0 0.07a 0.01a 0060 0014 0,064 0.08a
(mg/liter) f 0.02a 0.01a 0080 0012 0.034 0.06a
(IO 0.09 0.08a 0070 0.01a  0.0% 0.026
25 0.12a 0.01a 0.08a  0.01a  0.01, 0.01b
Total [{] 0.20a 0.15a 0.200 01340 0.45, 0.324
(mg/hter) ] ~ Ol 0.10a4 0.200 0.06h  0.27ab 0.21b
| 1 015, 0.094 0170 0.06h 0.0 1be 0.13be
25 0.22 0.02a4 O.1ta 0,02 0.07¢ L12¢
NOy-N 0 0.17a 0.19a 029 0193 0.08 0.01a
(mgfliter) ) 0.17a 0.18a4 016 0120 0083 0.0%
10 0.24a 0.16a 019 0.084 0010 0.01a.
25 0.26a 0.13a 0.264  0.0% 002  0.0] 4
con 0 13.8a 13.9a 19.60 54,9, - 30.7a
(mg/liter) 5 209, 21.2 25.6a 457 . 30.9a
10 15.4a 15.4a 1734 3484 .- 18.9b
256 14.64 3.7 26.5a  33.0a - 11.3b

* Values having the same letter in each column are not significantly different at the
e 0
5% level.

Table 3~Avgrage concentrations of dissolved oxygen on selected
dates in waters of 0.04-ha ponds with four different levels
of waterhyacinth cover

Percent cover by waterhyacinth

Date 0 5 10 25

T mg/liter® ———

25 July 10.8a 10.4a 9.9a 7.7
30 July 8.5 734 74a 5.5a

6 Auy. L P 7.8a 7.0a 5.24
13 Aug. 9.9, R.dab 7.8h 5.he
17 Aug. LI 7.14 7.6a 6.0b

* Values having the same letter in cach line are not significantly different at the 5%
level,
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. ree replications of 0, 5, 10, and 25%
cover by waterhyacinth were randomly assigned (o the 12 ponds,
Small waterhyacinth plants were obtained from Lake Seminole,

ax, Tospecavely,

Chattahoochee, Florida, on 29 April 1973, These plants were
placed in o conerete tank and fish ergs on roots killed by applica-
tion of rotenone, On 1 May 1973, 500, 750, and 1,250 plants were
stocked in 5, 10, and 25% enclosures, respectively,

Sixteen applications of 1.1 kg ammonium nitrate (3% N) and
0.8 kg triple superphosphate (229 Py were broadeast over ponds at
2aweek intervals between 5 February and 9 September 1973, One-
hundred Ttlapia aurea (5-17 ¢m long) were stocked in each pond
on + April 1973,

Standing crops of waterhyacinths were determined periodicatly
by harvesting 0,95 n? quadrats (6). Plant samples for tissue analy-
sis were dried to constant weight at 80C and pulverized in a Wiley
mill to pass a screen with 0.4%mm openings. Nitrogen analyses
were by the micro-Kjeldahl technique (2), The vanodomolyhdo-
phosphoric acid method was used to determine phosphorus in 0.5\
nitric acid extracts of plant ash (12),

Water samples for chemical and phytoplunkion analyses were
obtained with 4 90-cm wuter column sampler (5). Samples were
collected within 2 hours of sunrise from deep ends of ponds, Pro-
cedures of the American Public Health Association (1) were used
for analyses of total alkalinity, total hardness, nitrate, soluble
orthophosphate, total phosphorus, and chemical oxygen demand.
A glass electrode was used 1o measure pll. Dissolved oxygen de-
terminations were made between 0800 and 0900 hours at depths of
0, 0.5, and 1.0 m with a polarographic oxygen meter., Phytoplank-
ton was removed from water by filtration through a 0.15-u milli-
pore filter, Chlorophyll @ was extracted from phytoplankton with
0% acetone and measured spectrophotometrically (28). Phyto-
plankton concentrated by centrifugation was counted in » Sedgwick-
Rafter chamber under 3 microscope fitted with Whipple disk
micrometer (1),

Ponds were drained and fish harvested between 28 Sept, and 5
Oct. 1973,

RESULTS AND DiSCUSSION
Production of Waterhyacinth

The initial stock of plants filled only about one-third of
the space in enclosures, Vegetative reproduction by
means of offsets was rapid and by early June all en-
closures were filled with small plants, Growth continued
throughout summer as plants increased in height. Periodic
sampling revealed that rates of growth and uptake of
nitrogen and phosphorus were relatively uniform through-
out the study.  Although there were no great differences
in production of waterhyacinth per unit area in enclosures
of different sizes, the (ol production of waterhyacinth
increased with population size (Table 1). Ponds with 25%
cover produced roughly four times more waterhyacinth
by weight than ponds with 5% cover and two times more
than ponds with 10% cover, Removal of nitrogen and
phosphorus from pond water was carrelated positively
with amount of cover by waterhyacinth (Table 1). The
observation that waterhyacinth in enclosures absorbed
large amounts of nitrogen and phosphorus corroborates
claims that this species could be cultivated 1o remove
nitrogen  and phosphorus  from excessively  ceutrophic
water (4, 14, 23, 25, 30).

Water Chemistry

Experimental ponds  contained  solt water ol low
alkalinity, Total alkalinity varied from 11.6 1o 24.5 my/
liter and total hardness from 4.6 1o 16.4 mg/liter in ponds
of various treatments. There was no obvious difference


http:ntitro!.lt

Table 4--Estimate ot phytoplankton production by three techniques in waters of 0.04-ha ponds with four different levels of
waterhyacinth cover

Date*
Percent cover by

Determination waterhyacinth 17 May 15 June 13 July 3 Aug 17 Aug. T Sept.
Secchi disk visibility {(m} 0 1.2 0324 0.554 0.384 0,484 045,
5 0.70ab 0.724b 0.58a 0.78b 0.68h 0504
10 0.62ab 0.88bc 0.82ab 112 1.23¢ 0.88h
25 0.45h 1.17¢ 1170 1.28¢ | NS 1.18b

Chlorophyll g (pg/liter) 0 954 83.1a 6%.4a 74.1a 1740 128,94
5 17.2a 19.6b 68.5a 46,6ab 559 68.tal

10 14.6a 26.0b 40.6b 23.50 2790 42,50

‘05 5.7a 7.6b 17.0¢ 16.7H 17.8h 26.7b

Phytoptankton (No.fml X l()") 0 12.24 1314 37.9a

3 5.5h 8.7h 19.2a

10 4.2b 5.4h 7.4b

25 3.6h 2.9b 6.0b

25

* Values having the same letter in each column are not significantly different at the 5% Jevel,

in hardness and alkalinity between treatments, but in all
ponds there was a gradual increase in total hardness from
calcium introduced in triple superphosphate,

Values for pl were normally highest in control ponds
(0% covery and lowest in ponds with 10 and 25% cover
(Table 2). Differences in pllowere related to different
rates of removal ol carbon dioxide by phytoplankton
during photosynthesis as evident from the positive rela-
tionship between pll (Table 2) and phytoplankton abund-
ance as estimated by three methods (Table 1),

Concentrations of soluble orthophosphate in waters of

various treatments differed significantly only on 7 Sept.
(Table 2). On August and September sampling dates,
total phosphorus concentrations generally decreased in
order of increasing watechyacinth cover (Table 2). These
differences were related to greater phytoplankton biomass
and constituent phosphorus in ponds with less cover.
Nitrate concentrations did not differ with treatment
(Table 2). Plants (phytoplankton, waterhyacinth, or
both) absorbed considerable quantities of nitrogen and
phosphorus. Considerable phosphorus was lost to adsorp-
tion by muds (10) and some nitrogen was lost by denitri-
fication in muds (3, 21) and ammonia volatilization (21).

Chemical oxygen demand (COD) was similar for waters
of all ponds in May, June, and July (Table 2). Apparent
differences in COD values were not significant on 17 Aug.
but on 7 Sept. water from ponds with 0 and 5% cover had
greater COD values than those from ponds with 10 and
25% cover. These differences also reflect phytoplankton
abundance.

For brevity only a few selected, but representative,
data on dissolved oxygen concentrations are presented
(Table 3). Variations in oxygen concentrations of differ-
ent ponds within a particular treatment were great on all
dates.  However, averages for treatments generally de-
clined with increasing waterhyacinth cover and on two
dates dissolved oxygen concentrations were signilicantly
lower at 25% cover than in other treatments (Table 3).
Lower oxygen tensions resulted from reduced rates of
photosynthesis in ponds with 25% cover. Oxygen deter-
minations were made in carly moming when concentra-
tions are normally lowest. Therefore, up to 23% cover by
waterhyacinth did not cause dangerously low oxygen
tensions and threaten fish survival,

Phytoplankton Production

None of the three methods of estimating phytoplank-
ton abundance give a true measure of phytoplankton bio-
mass and correlations between estimates by the different
methods are weak (8, 15, 20). However, examined col-
lectively, means and statistical analyses of estimates of
phytoplankton abundance suggest (i) although values
were normally greatest in control ponds, differences in
values for ponds with 0 and 5% cover were often not sig-
nificants (ii) ponds with 10 and 25% cover produced
markedly less phytoplankion than ponds with 0 and 5%
cover; and (i) the magnitude of phytoplankton produc-
tion was similar in ponds with 10 and 25% cover.

Waterhyacinth competed with phytoplankton for light
by shading 5, 10, or 25% of the pond surfaces. Cover by
waterhyacinth also resulted in greater removal of nitrogen
and phosphorus from the water. Each pond exhibited a
high degree of individuality and concentrations of nutri-
ents and phytoplankton production varied greatly be-
tween ponds within cach treatment on each date. There-
fore, concentrations of nitrate, soluble orthophosphate,

100

(QJG/L)

A

CHLOROPHYLL

or A 'y 't 'l A ]
[ 002 004 008 008 o1
PO4- P (MO/L)

Fig. 1—-Relationship between seasonal averages for soluble inorganic
P concentrations and chlorophy!l a in 12, 0.04-ha ponds, (r
0.76; P <0.01).
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Table 5 —Average net production of fish, Tilapia aurea, in 0.04-ha
ponds with four different levels of waterhyacinth cover

Cover by
waterhyacinth

Nevproduction ot
Tilapsa aurca

bt kginat
{} Y05
h LR L

10 H4ah

on 2Hlh

* Values having the same letter are not significantly different at the 5 level,

and chloraphyll a for cach pond were averaged across all
sampling dates. Regression coelficients between chloro-
phyll @ and concentrations of nitrate and soluble ortho-
phosphate were obtained. Chlorophyll @ concentrations
in the 12 ponds were not related 1o variations in nitrare
concentrations {r = 0.15; P > 0.05). There was a positive
correlation between concentrations of soluble orthophos-
phate and chlorophvll @ (Fig. 1), This relationship sug-
gests that removal of phosphorus by waterhvacinth de-
prived phytoplmkeon of this nutrient and adversely af-
fected their growth, The possibility that substances toxic
to phytoplankton were exercted by waterhyacinth could
not be tested by the experimental design.

Fish Production

Production of Tilapia aurea was not reduced appreci-
ably by 5% cover with waterhyacinth (Table 5), but 10
or 25% waterhyacinth cover reduced fish production by
about 50% of production in control ponds. Differences in
fish production exhibited the same general relationship to
treatment as did phytoplankton production, McBay (17)
reported that 7% aurea fed primarily on phytoplankton.
Therefore, waterhyacinth affected fish production in-
directly through competition with phytoplankton. Other
workers have demonstrated a direct relationship between
phytoplankton production and the production of fish
(9, 18, 26).
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